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The immune system plays a pivotal role in developing pulmonary fibrosis (PF). 

CD4+CD25+ reg-ulatory T cells (Tregs) are particularly important in maintaining im-

mune tolerance and homeosta-sis. Pulmonary fibrosis; Idiopathic pulmonary fibrosis 

(IPF) is the most prevalent form of idio-pathic interstitial pneumonia. Research indi-

cates that oxidative stress may significantly contribute to the disease's progression. The 

objective; was to ascertain whether the ethanolic extract of tapak liman leaf inhibits 

bleomycin-induced pulmonary fibrosis. Method: Fifty-six healthy male BALB/c mice 

were divided randomly into seven groups; healthy control (NC), Vehicle control (VC), 

pulmonary fibrosis (PF) negative control (C-), dexamethasone (DEX) as drug control 

C+ (positive control), and three treatment groups at different doses of Elephantopus 

scaber L. ethanol extract (ESEE); P1 (0.0504), P2 (0.1008) and P3 (0.2016 mg.kg-1 

BW). ESEE was administered orally followed by an intraperitoneal bleomycin injec-

tion for 7 and 14 days. Mice were then sacri-ficed on days 7 and 14 and spleens were 

isolated for analysis of CD4+CD25+62L, CD11b+IFN-γ. and CD25+TGF-b expres-

sion. Results; The study showed that bleomycin exposure initially in-creased Tregs, 

but declined after 14 days, and ESEE significantly reduced IFN-γ levels and in-creased 

TGF-b production. Conclusion; A study was conducted to determine the effects of the 

ethanolic extract of Elephantopus scaber leaves (ESEE) on inflammatory and oxidative 

responses in lung fibrosis. The study findings demonstrated that ESEE impeded these 

responses, thereby suggesting that a combination of antioxidant therapies could yield 

more efficacious treatments. 
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1. Introduction   
Plants are vital sources of medicine, with compounds 

derived from them known as phytochemicals, gaining con-

siderable interest as natural alternatives to synthetic drugs 

[1]. Phytochemicals are plant natural products that possess 

numerous therapeutic properties. Traditional medicines 

have utilised the beneficial properties associated with these 

compounds for centuries, highlighting their potential to be-

come novel drug candidates [2]. Approximately 70–80% 

of the global population uses traditional medicines to treat 

diseases [3]. For those living in rural regions across the 
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globe with limited access to advanced Western medical 

practices and technology, traditional medications continue 

to be an essential aspect of inclusive healthcare solutions 

[4]. A medicinal plant is defined as any plant that contains 

substances in one or more of its organs (leaves, roots, and 

seeds) that can be used for therapeutic purposes or as pre-

cursors for drug synthesis. This definition helps differenti-

ate between medicinal plants with scientifically established 

therapeutic properties and those considered medicinal but 

lacking thorough scientific evaluation [5]. One such me-

dicinal plant is tapak liman (Elephantopus scaber Linn.), a 

traditional herb used in Indonesia to treat anaemia and 

boost blood health [6]. This grass-like plant, which grows 

in various regions at altitudes up to 1200 meters above sea 

level, has traditionally been used for its analgesic, diuretic, 

astringent, and antiemetic properties. Its leaves have been 

employed in treating bronchitis, measles, and diarrhoea, 

and also as a tonic [7]. Research has demonstrated that ad-

ministration of the different extracts of Elephantopus sca-

ber brought about a significant reduction in serum choles-

terol, LDL, VLDL, and triglycerides, and an increase in 

HDL-cholesterol in experimental animals [8,9]. Recent re-

search has shown that E. scaber leaves contain 4 sesquiter-

pene lactones and 5 flavones, which have been shown to 

have anti-inflammatory and hepatoprotective activity [10, 

11]. 

1.1.  Pulmonary Fibrosis 

Idiopathic pulmonary fibrosis (IPF) is a chronic, fi-

brosing interstitial lung disease with an unknown cause, af-

fecting adults and characterized by the histopathological 

pattern of usual interstitial pneumonia [12]. Lung fibrosis 

encompasses a range of over 200 similar diseases, all of 

which fall under the broader category of interstitial lung 

diseases (ILDs). These conditions involve inflammation, 

scarring, or both, within the lungs. Annually, around 

50,000 new cases of IPF are diagnosed, and up to 40,000 

Americans die from this condition each year (pulmonaryfi-

brosis.org). Fibrosis is a condition or process characterized 

by excessive accumulation of fibrous connective tissue 

[13]. Pulmonary fibrosis is one of the diseases that attacks 

the lungs with marked scar tissue formation without clear 

cause [14]. The lack of clarity regarding the leading cause 

of this disease means that developing appropriate drugs to 

treat this disease is still an unresolved challenge. So far, 

the conventional therapy most often used to treat pulmo-

nary fibrosis is by administering anti-fibrotic drugs such as 

pirfenidone, which has many side effects such as nausea, 

vomiting, dizziness, indigestion, anorexia, and photosensi-

tivity [15]. Then, previous research explained that admin-

istrating dexamethasone was able to reduce lung fibrosis in 

mice induced by bleomycin via the Smad3, Transforming 

Growth Factor-beta (TGF-β), and JAK-STAT pathway 

[16]. 

1.2.  Bleomycin 

Bleomycin-induced lung injury is a consequence of 

the administration of bleomycin, an antibiotic with anti-

tumour properties first identified by Umeziwa in 1966 and 

initially extracted from the fungus Streptomyces verticillus. 

Additionally, it is a chemotherapeutic agent that is fre-

quently employed in the treatment of diverse forms of can-

cer. Its primary mechanism of action involves the induction 

of cancer cell death, with its role in the inhibition of tumour 

angiogenesis also being of considerable significance. It is 

employed in the treatment of diverse forms of cancer, in-

cluding Kaposi's sarcoma, cervical cancer, and squamous 

cell carcinoma of the head and neck [17]. The bleomycin-

induced pulmonary fibrosis model is well-established in 

rodents, mimicking human lung fibrosis both histologically 

and biochemically. In experimental settings, bleomycin 

can be administered through various methods: intratra-

cheal, intranasal, or inhalation routes for direct airway de-

livery, or subcutaneously, intraperitoneally, or intrave-

nously for systemic administration. To replicate human ex-

posure conditions, bleomycin is often given systemically, 

either intravenously or intraperitoneally [18-19-20]. The 

lung injury caused by bleomycin involves interstitial 

edema and the influx of inflammatory and immune cells, 

which can lead to pulmonary fibrosis characterized by in-

creased collagen production and matrix deposition. 
Some studies have indicated that lymphocytes may be 

involved in the pathogenesis of PF. There is a significant 

relationship between PF and T lymphocytes, as evidenced 

by the findings of Yun X, Shang Y, and Li M [21] and Al-

meida AR and colleagues [22]. Three potential scenarios 

may be considered. One potential explanation is that the 

profibrotic action of T cells is mediated by cytokines and 

cell surface molecules. An alternative hypothesis is that T-

cell infiltration in patients with PF represents an antifi-

brotic feedback loop. Furthermore, it is plausible that se-

vere fibrosis and T lymphocyte infiltration represent dis-

tinct manifestations of a disease process in PF [23]. Some 

researchers have shown that T cells can either contribute to 

fibrosis, counteract it, or have no effect on the progression 

of pulmonary fibrosis (PF), depending on their specific 

phenotype. CD4+CD25+ regulatory T cells (Tregs) are a 

key phenotype within the CD4+ T cell group, playing a 

critical role in maintaining the balance between Th1 and 

Th2 responses [24, 25]. CD4+CD25+ regulatory T cells 

(Tregs) suppress T cell activation and proliferation through 

direct cell-to-cell interactions and the release of interleu-

kin-10 (IL-10) and transforming growth factor beta 1 

(TGF-β1). These Tregs play a crucial role in maintaining 

immune tolerance and preventing autoimmune diseases 

[26]. Some research suggests that CD4(+) 

CD25(hi)Foxp3(+) cells may promote the development of 

bleomycin-induced pulmonary fibrosis (PF), while other 

studies show that higher levels of Tregs in peripheral blood 

are linked to a lower risk of idiopathic pulmonary fibrosis 

(IPF) [27,28]. 

2. The Material and Methodology 

2.1. Plant Material and its Extraction 

The leaves of E. scaber Linn were acquired from UPT 

and verified by a qualified botanist. The sample, bearing 

the identification number 067/656/102.20/2023, was 

sourced from the Laboratory Herbal Materia Medica Batu. 

The leaves were then dried and finely ground into powder. 

A total of 100 grams of this powdered material was macer-

ated in 1,000 millilitres of 96% ethanol (1:10, w/v) for 24 
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hours at room temperature with occasional stirring. The 

mixture was then filtered using Whatman No. 1 filter paper 

and concentrated using a vacuum pump evaporator at 70 

°C until a paste formed. The resulting extract was subse-

quently stored in a refrigerator at 3 °C.  

2.2.  Ethical Approval 

This study received ethical approval from the Brawi-

jaya University Research Ethics Commission (No. 182-

KEP-UB-2023).  

2.3.  Experimental Animals 

The current study utilized male BALB/c (Mus mus-

culus) mice, aged 6-7 weeks, sourced from the Faculty of 

Pharmacy, Airlangga University, Surabaya. The mice were 

selected based on the following criteria: body weight (BW) 

between 25-30 g, healthy and without physical defects. In-

duction of Pulmonary Fibrosis. The BLM-induced lung fi-

brosis model is the most commonly applied experimental 

model in the field, with a high level of success. BLM is a 

chemotherapeutic antibiotic that has been identified as a 

pro-fibrotic agent in lymphoma patients who develop pul-

monary fibrosis after intravenous administration of BLM. 

It has been used in a diverse range of species, including 

mice, rats, guinea pigs, hamsters, and primates. Neverthe-

less, mice remain the most commonly used species [29]. 

Pulmonary fibrosis was induced in experimental groups us-

ing bleomycin (Med Chem Express LLC, USA). A total of 

10 g bleomycin was dissolved in 1 mL phosphate buffer 

saline (PBS) and divided into five propylene tubes of 200 

µL each. Subsequently, 7.8 mL of PBS was added to each 

propylene tube. Each mouse was administered 2 mg/kg 

BW of bleomycin dissolved in PBS daily for two weeks, in 

accordance with the protocol outlined by Manuel van 

Gijsel-Bonnello et al. [30]. Bleomycin was administered 

intraperitoneally [31]. 

2.3.1. The administration of dexamethasone and 

ethanol extract of E. scaber leaves   

Dexamethasone, a potent corticosteroid, is known for 

its anti-inflammatory properties. In cases where inflamma-

tion is a contributing factor in the development of pulmo-

nary fibrosis, such as in certain autoimmune diseases or 

acute exacerbations of chronic fibrotic lung disease, dexa-

methasone may help reduce inflammation, thereby slowing 

the progression of fibrosis. The US Food and Drug Admin-

istration (FDA) has approved this drug usually used as an 

anti-inflammatory drug, especially for inflammatory dis-

ease. [32]. Dexamethasone was employed as a control drug 

(positive control) at a dose of 3 mg.kg-1 BW (DEX), which 

was determined based on previous research as the optimal 

dose for the administration of dexamethasone (3 mg.kg-1) 

[33].  

The drug and the ethanol extract of Elephantopus sca-

ber were dissolved in corn oil (Mazola, ACH Food Com-

panies Inc., US) at different doses, with the dose being de-

termined based on the IC50 value. Mice were administered 

oral doses of Elephantopus scaber and dexamethasone for 

7 and 14 days, in a model of pulmonary fibrosis induced 

by bleomycin. [34]. 

2.3.2. The Experimental Research Designs 

The study used a completely randomized design 

(CRD) experimental approach, involving 56 mice. After a 

two-week acclimatization period, they were randomly as-

signed and divided into seven groups, each consisting of 

eight mice (n = 8 mice). Group 1; the healthy control group 

(normal; NC). This group did not undergo fibrosis induc-

tion, no treatment, and free access to water and a commer-

cial diet. Group 2; the vehicle control group (VC). They 

received only 0.3 ml of corn oil and did not undergo fibro-

sis induction. Group 3; the negative control group (C-), 

(lung fibrosis induction group), received bleomycin injec-

tion (2 mg/kg body weight) daily and did not receive any 

treatment. Group 4; the drug treatment group (positive con-

trol group C+). This group received dexamethasone (con-

trol drug) 0.3 ml of a solution concentration of 333.3 mg/ml 

of corn oil (dose 3 mg/kg body weight) and received an 

injection of bleomycin (2 mg/kg body weight) daily. Group 

V; the tapak liman treatment group dose 1 (P1). They were 

injected with bleomycin (2 mg/kg body weight), and re-

ceived an ethanolic extract of tapak liman leaves from a 

solution concentration of 5.04 mg/ml of corn oil (dose 

0.0504 mg/g body weight) daily. Group VI; tapak liman 

treatment group dose 2 (P2). They were injected with ble-

omycin (2 mg/kg body weight), and received an ethanolic 

extract of tapak liman leaves from a solution concentration 

of 10.08 mg/ml corn oil (dose 0.1008 mg/g body weight) 

daily. Group VII; tapak liman treatment group dose 3 (P3). 

They were injected with bleomycin (2 mg/kg body weight) 

and received ethanolic extract of tapak liman leaves of a 

solution concentration of 20.16 mg/ml of corn oil (dose 

0.2016 mg/g body weight) daily.      

3. Lymphocyte Isolation 

 The mice were euthanized to isolate their spleens. 

The spleens were rinsed three times with phosphate-buff-

ered saline (PBS) and then crushed in a petri dish contain-

ing 1 mL of PBS using the bottom of a syringe in a clock-

wise motion. Four milliliters of PBS were added to the petri 

dish, and the mixture was transferred to a 15-milliliter pol-

ypropylene tube. The homogenate was then centrifuged at 

2,500 rpm for 5 minutes at 10°C. After centrifugation, the 

supernatant was discarded, and the pellet was resuspended 

in 1 mL of PBS. A 50 μL portion of the cell suspension was 

then transferred to a 1.5 mL microtube for antibody stain-

ing [35]. 

3.1.  Antibody Staining and Flow Cytometry 

Analysis 

 Antibody staining was performed using both extra-

cellular and intracellular staining methods. For extracellu-

lar staining, 50 µL of cell suspension was mixed with 50 

µL of the specific extracellular antibody solution (FITC 

anti-mouse CD4) (Biolegend, California, USA) and incu-

bated in a dark room at 4°C for 20 minutes in an ice box. 

For intracellular staining, 50 µL of intracellular (IC) fixa-

tion buffer (eBioscience™, Thermo Fisher Scientific, 

USA) was added to the cell suspension and incubated in a 

dark room at 4°C for 20 minutes on ice. The cell suspension 

was then combined with 400 µL of permeabilization buffer 
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(eBioscience™, Thermo Fisher Scientific, USA) (10x di-

lution) and homogenized. The samples were centrifuged at 

2,500 rpm at 10°C for five minutes. The Pellets were added 

with 50 µL of specific intracellular antibody solution 

PE/Cy5 conjugated anti-mouse TGF-b (Biolegend, Cali-

fornia, USA), PE/Cy5 conjugated anti-mouse IFN-g (Bio-

legend, California, USA), and incubated again at 4°C for 

20 minutes in the dark on an ice box. Finally, 400 µL of 

PBS was added to the sample, which was then transferred 

to a flow cytometry (FCM) cuvette for analysis using flow 

cytometry [35]. The data obtained were subsequently ana-

lysed using BD CellQuest Pro™ software, connected to a 

BD FACS Calibur™. 

4. Data Analysis 

 The data for each parameter was tabulated and sub-

sequently subjected to statistical analysis using the IBM 

SPSS Statistics program, version 16 for Windows. This 

was achieved by testing the data for normality and homo-

geneity. Subsequently, a two-way ANOVA (analysis of var-

iance) was conducted at P < 0.05, followed by Duncan's 

post hoc test in accordance with the parametric analysis. 

5. Results  

5.1. A Change in the proportion of 

CD4+CD25+CD62L production 

The chemotherapeutic agent and antibiotic bleomycin 

have been demonstrated to induce pulmonary fibrosis in 

both animal models and humans. When administered to 

mice, bleomycin causes lung injury, which is characterised 

by inflammation, fibroblast proliferation, collagen deposi-

tion, and eventual fibrosis. However, the precise mecha-

nisms by which ethanol extract of tapak liman leaf affects 

CD4+CD25+CD62L expression in mice and its impact on 

the progression of bleomycin-induced pulmonary fibrosis 

remain to be determined. CD4+CD25+ T cells are now 

called T regulatory (Treg)3 cells, and because they natu-

rally express CD25, they have also been described as nat-

ural Treg (nTreg) cells, they play a key role in regulating 

immune responses against infectious agents and tumour-

associated antigens. [36]. CD62L, also known as L-selec-

tin, is a homing receptor involved in T-cell trafficking. It is 

highly expressed on naïve T cells and certain subsets of 

memory T cells and allows naïve and central memory T 

cells to enter secondary lymphoid organs (e.g., lymph 

nodes) via interaction with the endothelial cells lining the 

blood vessels. Upon activation, T cells downregulate 

CD62L, allowing them to exit lymph nodes and migrate to 

peripheral tissues where the immune response is needed 

[37].   

The findings of this study indicate that the use of tapak li-

man (Elephantopus Scaber Linn) as a therapeutic agent fol-

lowing the induction of pulmonary fibrosis via bleomycin 

resulted in a notable impact (P < 0.05) on therelative num-

ber of naïve helper T cells (CD4+CD25+62L), this was fur-

ther confirmed by analysis of variance (ANOVA), which 

showed differences between the treated groups of mice (F 

= 40,196; P = 0.000). As illustrated in Figure (1), there 

were statistically significant discrepancies between the 

measurements obtained on the 7th day and the 14th day 

across all groups. On day 7, the percentage of naïve T cells 

(CD4+CD25+62L) exhibited minimal variation across 

groups. NC (39.29%), VC (51.80%), C- (48.84%), C+ 

(58.33%), P1 (59.18%), P2 (44.75%), and P3 (54.34%). 

The values observed in the bleomycin-injected groups 

were higher than those recorded in the normal control 

group, which is likely attributable to the influence of bleo-

mycin. Furthermore, these values were higher than those 

observed on day 14, which may be attributed to the effects 

of the ethanol extract of tapek liman leaves. 

Dot plots (a & b) illustrate the cell populations, while the 

bar graph (c) shows the mean relative percentages (mean ± 

SD). Statistically significant differences were identified us-

ing Duncan's HSD test (p < 0.05). The groups included 

healthy controls (N), vehicle control (VC), fibrosis model 

(C−), positive control with dexamethasone (C⁺), and three 

ESEE treatment doses (P1, P2, P3). 

Fig. 1: presents flow cytometry data of CD25 and CD62L⁺ 

cell populations on days 7 and 14 across different treatment 

groups. 
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5.2. Relative number of CD4+ INF-g  

Cytokines are regarded as secreted proteins with growth, 

differentiation, and activation functions that regulate and 

determine the nature of immune responses. They are pro-

duced by several cell types, predominantly leukocytes, and 

regulate a number of physiological and pathological func-

tions. These functions include innate immunity, acquired 

immunity, and a plethora of inflammatory responses. [38]. 

Interferon-γ (IFN-γ) is a cytokine that plays a pivotal role 

in the immune system, particularly in the defense against 

intracellular pathogens and is crucial for immune regula-

tion. IFN-γ strongly activates macrophages, enhancing 

their ability to eliminate intracellular pathogens such as 

bacteria and viruses [39]. IFN-γ stimulates the production 

of reactive oxygen species (ROS) and nitric oxide, both of 

which are essential for the destruction of pathogens [40]. 

The primary sources of IFN-γ are natural killer (NK) cells 

and natural killer T (NKT) cells, which are effectors of the 

innate immune response, and CD8 and CD4 Th1 effector T 

cells of the adaptive immune system [41]. IFN-γ promotes 

the differentiation of naive T cells into Th1 cells, which are 

key players in cellular immunity against viral and bacterial 

infections. IFN-γ has also shown anti-fibrotic properties in 

conditions such as pulmonary fibrosis by inhibiting colla-

gen production in fibroblasts and opposing fibrosis-induc-

ing cytokines such as transforming growth factor beta 

(TGF-β). [42,43]. Some studies have demonstrated that in-

terferon-gamma (IFN-γ) may offer therapeutic benefits in 

the treatment of pulmonary fibrosis (PF). IFN-γ exerts an-

tifibrotic effects by modulating immune responses, inhib-

iting fibroblast activation, and reducing extracellular ma-

trix deposition key processes involved in the progression 

of PF. [44,45]. Our studies showed the levels of IFN-γ in 

plasma in BLM group mice were higher than those in the 

NC group in the early stages, and lower than those in the 

NC group in the late stages. Probably because IFN-γ is a 

proinflammatory cytokine, which could suppress the injury 

of the body induced by an inflammatory response. A large 

amount of IFN-γ was produced in the early stages. In order 

to eliminate the inflammatory response and repair tissue, a 

large amount of IFN-γ was consumed in the late stages. The 

study revealed statistically significant differences (p < 

0.05) in CD11b+IFN-g production in all experimental 

groups of mice for both parameters on days 7 and 14 This 

was evident through analysis of variance (ANOVA), which 

showed that the treated groups of mice differed signifi-

cantly (F = 43,067; P = 0.000). Figure (2a,2b, and 2c), the 

result showed a higher increase in CD11b+IFN-γ+ cell pop-

ulations after 7 days of bleomycin injection in the negative 

control group (fibrosis mice model), compared to the 

healthy control group, where it was (C-; 18.73% vs NC; 

13.43%) (Figure 2a, 2b). The administration of dose 2 of 

the tapak liman leaf extract at a concentration of 0.1008 

mg/kg BW for a period of seven days did not result in any 

significant differences when compared to the healthy con-

trol group (NC). This suggests that the ESEE has beneficial 

effects in reducing the production of IFN-γ. However, on 

day 14, the negative control group (C-) and the positive 

control group (dexamethasone treatment) (C+) exhibited a 

decline in CD11b+IFN-γ+ cell populations. No statistically 

significant alterations in IFN-γ production were observed 

in the P1 and P3 groups on days 7 and 14. In contrast, the 

P2 group demonstrated a notable elevation in CD11b+IFN-

γ+ cell populations at day 14, it was (P2; 19.12%). No sig-

nificant inter-group differences were observed at day 14 in 

any of the ESEE-treated groups (Figure 2c).  

 
Fig. 2: shows flow cytometry analysis of CD11b⁺IFN-γ⁺ 

cell populations on days 7 and 14 across various treatment 

groups. 

 

 Dot plots (a & b) display the cell populations, and the bar 

graph (c) illustrates the mean relative percentages (mean ± 

SD). Statistical differences were determined using Dun-

can’s HSD post hoc test (p < 0.05). The groups include 

healthy controls (NC), vehicle control (VC), fibrosis model 

(C−), positive control with dexamethasone (C⁺), and 

ESEE-treated groups at three doses (P1, P2, P3). 
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5.3. Relative number of TGF-b cytokines by 

CD4+ (CD4+ TGF-b+) 

Transforming growth factor (TGF)-β is a multifunc-

tional cytokine that is expressed by almost all tissues and 

cell types. TGF-β signal transduction can elicit a plethora 

of cellular responses, with particular significance for em-

bryonic development, wound healing, tissue homeostasis, 

and immune homeostasis in health. It regulates prolifera-

tion, cellular differentiation, and other functions in the ma-

jority of cells, and is a pivotal mediator of fibrosis, including 

pulmonary fibrosis. Furthermore, it stimulates the differen-

tiation of fibroblasts into myofibroblasts, which are re-

sponsible for the excessive deposition of extracellular ma-

trix and tissue remodelling. 

The relationship between bleomycin and transform-

ing growth factor-beta (TGF-β) cytokines has been exten-

sively studied due to its implications for both the therapeu-

tic efficacy and the adverse effects of bleomycin, particu-

larly pulmonary fibrosis. Bleomycin has been demon-

strated to induce the production of TGF-b in a variety of 

cell types and tissues. For instance, a study by Kottmann et 

al. demonstrated that bleomycin treatment elevated TGF-

b1 levels in the lung tissue of mice, thereby contributing to 

the development of pulmonary fibrosis [46]. Similarly, an 

in vitro study by Fukumoto et al. demonstrated that bleomy-

cin treatment of lung fibroblasts resulted in the upregula-

tion of TGF-b1 mRNA expression, suggesting a direct 

stimulatory effect of bleomycin on TGF-b production [47]. 

Several studies have demonstrated that transforming 

growth factor beta (TGF-b) signalling is crucial for the de-

velopment of pulmonary fibrosis in animal models and hu-

mans. Inhibition of TGF-b signalling has been demon-

strated to mitigate fibrotic responses in experimental mod-

els of pulmonary fibrosis [48]. We should not forget that 

dysfunction of TGF-b may play an important role in many 

diseases. TGF-b is the main mediator of fibrotic processes 

observed in IPF, as shown in previous studies. [49, 50]. 

Previous studies have indicated that bleomycin induces an 

increase in TGF-β production. However, based on Figure 

(3), we can see that there are clear differences in the 

production rate or concentration of transforming growth 

factor beta (TGF-b) between the 7th and 14th-day 

measurements. These measurements were higher on day 7 

than on day 14 for all groups except those treated with 

tapak liman leaf extract. At day 7 measurements, we 

observed higher levels of CD4+; CD25+TGF-b in control 

groups and the groups treated with tapak Liman leaf extract 

compared to the healthy control group, they were as fol-

lows; NC; (22,87%),  in the negative control group C-; 

(28,35%), and positive control group was C+; (36,11%) 

versus P1; (34,29%), P2; (33,35%) and was P3; (36,84%). 

For the measurements on the 14th day, we can see from Fig-

ure (3), that there were significant differences in the rate of 

production or concentration of CD25+TGF-b, whereas (F = 

14,603; P = 0,002). There was a significant increase in the 

groups treated with tapak liman leaf extract, mainly P1; 

(32.87%), P2; (31.60), and P3; (28.67), compared to con-

trol groups, as follows; NC; (23.17%), C-; (22.44%), C+; 

(24.55%) and in the vehicle group VC; (22.44%). This 

study showed that the use of tapak liman leaf extract, when 

given to mice and at the same time while injecting them 

with bleomycin to induce pulmonary fibrosis for a period 

of 14 days, is considered a protective factor and leads to 

the activation of the production of CD25+TGF-b, espe-

cially in mice treated with the first dose, when the concen-

tration was (0. 0.0504 mg/g / bw).    

Fig. 3: displays flow cytometry results of CD25⁺TGF-β⁺ 

cell populations on days 7 and 14 across various treatment 

groups.  

Dot plots (a & b) illustrate these cell populations, while the 

bar graph (c) shows the mean relative percentages (mean ± 

SD). Significant differences among groups were identified 

using Duncan’s HSD post hoc test (p < 0.05). Treatment 

groups include healthy controls (NC), vehicle control 

(VC), fibrosis model with bleomycin (C−), positive control 

with dexamethasone (C⁺), and ESEE-treated groups at 

three doses (P1, P2, P3). 

6. Discussion 

Bleomycin, a chemotherapeutic agent and antibiotic, 

has been shown to induce pulmonary fibrosis in both ani-

mal models and humans [51]. In mice, bleomycin admin-
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istration results in lung injury characterized by inflamma-

tion, fibroblast proliferation, collagen deposition, and 

eventually fibrosis [52]. Bleomycin targets lung epithelial 

cells, triggering programmed cell death through DNA dam-

age. The injured cells signal immune cells to clear the dam-

age, initiating inflammation. This inflammation can be-

come prolonged due to repeated bleomycin exposure, lead-

ing to abnormal tissue repair. A key factor in the onset of 

tissue fibrosis is the extensive activation of fibroblast cells 

[53, 54] Pulmonary fibrosis (PF) is a chronic, progressive 

interstitial lung disease characterized by alveolar epithelial 

cell injury, abnormal proliferation of lung fibroblasts, and 

excessive collagen synthesis [55,56]. While various drugs 

targeting specific signalling pathways can inhibit PF in ble-

omycin (BLM)-induced models, few have demonstrated 

significant efficacy in the clinical treatment of idiopathic 

pulmonary fibrosis (IPF) [57]. It is possible that the timing 

of drug administration may play a critical role, and differ-

ent therapeutic agents may be more effective at specific 

stages of PF progression. The lungs serve as the main organ 

for respiration, are directly exposed to the external envi-

ronment, and play a crucial role in the body's immune de-

fense [58]. Our findings revealed that the CD4+CD25+ 

regulatory T cells (Tregs) in the spleen of mice in the BLM 

group exhibited elevated levels in comparison to those in 

the NC group at both measurements on the 7th and 14th 

day.  As previously stated, BLM-induced alveolar inflam-

mation and persistent inflammation were identified as the 

initiating factors in the development of fibrosis. A signifi-

cant correlation was identified between the proportion of 

CD4+CD25+ regulatory T cells (Tregs) in the spleen and 

the extent of alveolar inflammation. The cells are also re-

ferred to as CD4+ Th cells. In accordance with the different 

spectrum of cytokines secreted, CD4+ Th cells are subdi-

vided into Th1 and Th2 cells [59, 60]. The proportion of 

CD4+CD25+ Tregs in the spleen of the silicosis mice sig-

nificantly increased [24]. IFN-γ has the capacity to induce 

the differentiation of Th1 cells and at the same time inhibits 

the proliferation of Th2 cells. Additionally, research has in-

dicated that IFN-γ may be an effective treatment for PF 

[44]. The results of our study demonstrated that the levels 

of IFN-γ in mice exposed to BLM were initially higher than 

those in the NC group at the day 7 measurement point. 

However, on day 14, the levels decreased to a level com-

parable to that observed in the NC group in both the nega-

tive (C-) and positive (C+) groups. In contrast, the groups 

treated with tapak Liman leaf extract exhibited sustained 

elevations in IFN-γ levels relative to the healthy mice 

group (NC). It is likely that IFN-γ, a proinflammatory cy-

tokine that helps mitigate tissue damage caused by inflam-

mation, was produced in large amounts during the early 

stages. In the later stages, a significant amount of IFN-γ 

was consumed to reduce the inflammatory response and 

promote tissue repair. TGF-b is a major factor in stimulat-

ing the fibrotic response and wound healing, but it also 

plays a role in balancing the inflammatory response to pre-

vent excessive tissue damage and is crucial in the develop-

ment and persistence of pulmonary fibrosis. It stimulates 

fibroblast proliferation and their transformation into myo-

fibroblasts, leading to increased collagen production and 

lung tissue stiffening. TGF-b also inhibits enzymes that de-

grade the extracellular matrix, contributing to collagen 

buildup and worsening fibrosis. Additionally, it regulates 

inflammation by both suppressing excessive inflammation 

and inducing chronic inflammation. TGF-b also promotes 

epithelial cell death, further damaging lung tissue. In our 

research, we noticed in the 7th-day measurements an in-

crease in the number of cells producing TGF-b in the 

groups exposed to bleomycin compared to the healthy con-

trol group. As for the measurements of the 14th day, these 

groups continued to show high levels of TGF-b, indicating 

ongoing tissue healing or the onset of fibrosis. Exposure to 

Bleomycin leads to increased production of TGF-b, which 

is an important factor in the inflammatory response and tis-

sue fibrosis. Given the results, the increase in TGF-b pro-

duction in the experimental groups may indicate the stim-

ulation of fibrosis. 

7. Conclusion  

The objective of the present study was to elucidate the 

relationship between redox balance and inflammatory 

mechanisms in experimental pulmonary fibrosis. The pul-

monary system is particularly susceptible to injury caused 

by reactive oxygen species (ROS) due to its constant expo-

sure to a range of toxic pollutants present in ambient air. 

An ethanolic leaf extract of tapak liman was employed as 

a means of eliciting antioxidant and anti-inflammatory ac-

tivity in mice that had been administered BLM, thus creat-

ing an experimental model of lung fibrosis. The primary 

finding was that ESEE exerts beneficial effects by inhibit-

ing the inflammatory and oxidative response in lung fibro-

sis. Nevertheless, further research is required to elucidate 

the molecular mechanism of BLM leaf extract. It can be 

concluded that the combination of antioxidant therapies 

may contribute to the development of future effective treat-

ments for pulmonary fibrosis. 
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 Business operations require robotic implementations to develop enhanced cost 

accounting systems that handle modern robotic technology cost structures. This paper 

explores how Artificial Intelligence (AI): Machine Learning (ML), and Deep Learning 

(DL), together with the Internet of Things (IoT) transform industry robotic sectors 

through enhanced cost allocation optimization as well as automatic financial reporting 

and improved operational decision-making mechanisms. A quantitative research 

design processes data obtained from Turkish industrial and logistics operations which 

concentrate their examination on IoT-empowered robotic systems. The paper employs 

ML and DL algorithms for predictive cost modeling and real-time cost optimization. 

The paper shows that using ML boosts robotic operation forecasts while DL detects 

maintenance patterns alongside IoT technology that enables quick cost model 

adjustments leading to more precise financial reporting. Combining these technologies 

drives extensive cost reduction because ML and DL systems decrease wasteful 

operations and IoT enables predictive maintenance that reduces equipment shutdowns. 

Paper findings show that ML, DL alongside IoT technology modifies common cost 

management systems to deliver improved operational performance, together with 

better financial precision. The successful implementation of these technologies 

requires solving three main challenges which include the expense of implementation 

together with data integration difficulties and transparency-related ethical problems. 

To achieve maximum cost accounting system benefits from these advanced 

technologies, businesses should focus on developing flexible solutions alongside 

resilient governance structures. 
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1. Introduction 

Businesses face a transition in their cost management 

allocation systems because robotics, together with 

automation technologies, brought fundamental changes to 

traditional cost accounting approaches because they must 

invest capital to buy robotic systems [1]. Manufacturers and 

logistics providers now face evolving cost structures as 

robots replace human workers and perform their maintenance 

[1]. The transformation in business operations confounds 

conventional cost allocation systems because these systems 

show difficulty handling depreciation costs and maintenance 

expenses together with robotic equipment utilization metrics 

[2]. 

The implementation of robotic systems creates intricate 

financial connections between expenses and income after 

improving operational efficiency which affects the accuracy 

of financial reporting disclosures. Cost accounting systems 

integrating robotics need incremental development which 

includes factors like energy utilization as well as 

maintenance requirements and equipment depreciation 

methods [3]. The modifications in cost accounting emerge 

from the requirement to handle changing patterns of 
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maintenance expenses and workforce costs, together with 

adjustments in capital expenditures. 

2. Literature Review and Related Work  

2.1. Overview of Previous Research 

The literature review in the existing research on the impact 

of Machine Learning (ML), Deep Learning (DL), and the 

Internet of Things (IoT) on cost accounting in robotics. 

Several studies have explored how these technologies 

optimize financial decision-making [7], automate cost 

allocation [13], and improve cost efficiency in robotic 

industries [5]. However, previous research lacks a 

comprehensive integration of ML, DL, and IoT to provide a 

real-time dynamic cost model, which is the main contribution 

of this study. 

The main paper gaps identified include: 

• Limited focus on real-time cost modeling – Most 

prior studies examined ML or DL separately but did 

not integrate real-time IoT data into predictive 

models [8]. 

• Lack of dynamic cost adjustment mechanisms – 

While previous works focused on cost forecasting, 

they did not propose real-time cost adaptation as 

business conditions change [10]. 

• Insufficient predictive maintenance strategies – 

Many studies used ML for cost analysis, but did not 

combine DL techniques like CNNs or RNNs for 

predictive maintenance, leading to inefficient 

scheduling [9]. 

This research addresses these gaps by integrating ML, DL, 

and IoT into a single cost optimization framework, allowing 

for continuous learning and automated cost adjustments 

based on real-time operational data [12]. 

2.2. Machine Learning in Cost Accounting 

Prior studies highlight ML’s effectiveness in predicting cost 

trends and identifying inefficiencies in robotic systems. 

According to Davenport and Ronanki [7], ML models 

improve financial decision-making by identifying cost-

saving opportunities. Zhao et al. [15] further demonstrate that 

ML can categorize costs into operational, maintenance, and 

resource consumption groups, enabling better expense 

tracking. 

 

Figure 1. Key technology with source reference [21] 

However, these studies do not integrate real-time IoT sensor 

data, making their cost predictions static rather than adaptive. 

In contrast, our paper updates cost models dynamically using 

continuous IoT data streams, ensuring cost allocation 

remains accurate despite changing operational conditions. 

Additionally, prior research [2] explored how ML detects 

anomalies in cost allocation, which exposes financial 

inefficiencies. While this is valuable, our research enhances 

this capability by integrating DL models that not only detect 

anomalies but also forecast future cost variations based on 

historical patterns.  

Thus, while previous ML-based research has provided a 

foundation for predictive cost modeling, our study extends its 

application to real-time cost optimization, making financial 

tracking more accurate and adaptable. 

2.3. Deep Learning for Cost Optimization 

Deep Learning (DL) has been explored in financial decision-

making, but its potential in real-time cost accounting is 

underdeveloped. He et al. [19] showed that Recurrent Neural 

Networks (RNNs) improve time-series cost forecasting, 

particularly for predicting future maintenance and energy 

expenses. Similarly, Goswami et al. [9] used DL models for 

predictive maintenance, ensuring machines were serviced 

before critical failures occurred. 
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However, these studies focused only on historical data and 

lacked a real-time adaptation mechanism. The current paper 

advances their findings by integrating real-time IoT data with 

DL models, allowing maintenance schedules to be adjusted 

dynamically based on current machine conditions. 

Furthermore, Lu et al. [11] investigated CNNs for cost 

allocation in robotic industries, but their research focused 

mainly on image-based analysis. The current study broadens 

CNN applications, using them for robotic wear analysis and 

cost evaluation, thereby improving financial precision in 

maintenance planning. 

In summary, previous DL studies provided important cost 

forecasting insights, but they lacked integration with IoT-

driven real-time data streams. The current paper combines 

DL, ML, and IoT, making cost predictions not only more 

precise but also actionable in real-time. 

2.4. IoT-Driven Real-Time Data Collection 

IoT plays a significant role in enhancing financial reporting 

accuracy by collecting real-time operational data. Prior 

research [12] highlights that IoT automates cost monitoring 

by continuously tracking energy consumption, component 

wear, and uptime metrics. Similarly, Chen et al. [5] 

demonstrated how IoT-based monitoring systems reduce 

errors in cost allocation by feeding real-time data into 

financial reports. 

While these studies prove IoT's importance in cost tracking, 

they do not propose an AI-driven framework for real-time 

cost adjustments. Our paper takes this further by automating 

cost adaptation based on ML and DL insights, rather than 

merely recording cost-related data. 

Additionally, Bolliger and Ziegler [2] explored IoT's role in 

preventive maintenance, showing that IoT sensors can 

predict maintenance needs. However, our paper enhances 

this capability by integrating IoT with DL, enabling 

advanced failure predictions using CNNs and RNNs, leading 

to lower maintenance costs and improved machine uptime. 

Thus, while previous research demonstrated IoT's value in 

collecting cost-related data, our study actively utilizes that 

data for intelligent cost optimization, making financial 

tracking dynamic rather than reactive. 

2.5. Ethical Challenges and Data Integration Issues 

Despite the advantages of ML, DL, and IoT in cost 

accounting, prior research has identified challenges in data 

security, integration, and decision transparency. Zhou et al. 

[16] emphasized privacy concerns in IoT-based cost 

tracking, stating that continuous data collection could expose 

sensitive financial information. Sussan et al. [14] further 

argued that AI-driven financial decisions often lack 

transparency, raising ethical concerns about biased cost 

allocation. The current study acknowledges these challenges 

and proposes robust data governance policies to ensure AI-

based cost decisions remain explainable and unbiased. 

Additionally, this paper suggests enhanced cyber security 

protocols to protect real-time IoT data from unauthorized 

access. 

2.6. Comparative Summary: How This Paper Advances 

Previous Findings 

While previous research has demonstrated the individual 

benefits of ML, DL, and IoT in cost accounting, it lacked an 

integrated approach that allows real-time dynamic cost 

adjustments. This study bridges that gap by creating a unified 

AI-driven cost optimization system that not only predicts 

future costs but also actively adapts financial models based 

on continuous IoT data streams. 

The findings confirm that integrating ML, DL, and IoT leads 

to higher financial accuracy, better predictive maintenance, 

and improved cost efficiency, with up to 25% reductions in 

maintenance costs and 10% savings in energy consumption. 

Future research should continue exploring ethical AI 

implementation and AI-driven cost automation to further 

enhance financial transparency in robotic industries. 
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Table 1.  Comparison of this Paper with Previous 

Findings 

Feature Previous Studies This Research 

ML in Cost 

Prediction 

Predicted future 

costs based on 

historical data [15]. 

Uses real-time IoT 

data to dynamically 

update cost predictions 

DL for Cost 

Optimization 

Forecasted future 

cost trends [19]. 

Uses RNNs and CNNs 

to predict maintenance 

needs and optimize 

cost models in real-

time 

IoT in Cost 

Accounting 

Tracked operational 

costs automatically 

[12]. 

Combines IoT with AI 

to adjust financial 

reports dynamically 

Predictive 

Maintenance 

Used basic ML 

algorithms for cost 

forecasting [9]. 

Uses DL models to 

improve failure 

detection and 

maintenance 

scheduling 

Real-Time 

Cost 

Adjustment 

Lacked dynamic 

adjustment 

mechanisms 

Uses AI-driven 

automation to adjust 

cost structures 

instantly 

Data Security 

& Ethics 

Privacy and bias 

concerns [16],[14]. 

Proposes data 

governance 

frameworks to ensure 

transparency 

3. Paper Objective 

The main purpose of this paper is to study the combination 

of Machine Learning (ML) with Deep Learning (DL) 

technology and the Internet of Things (IoT) for improving 

cost allocation methods while automating financial reports 

and improving decision processes in robotic industries. This 

investigation aims to address three main questions through 

this study. 

4. Primary Research Questions  

Q1. How can ML, DL, and IoT improve cost allocation in 

robotics? 

Q2. What are the specific applications of DL in optimizing 

robotic cost management? 

Q3. How does IoT enable real-time data collection for 

dynamic cost modeling? 

5. Theoretical Framework 

The research is grounded in theories of automation, cost 

accounting principles, and data analytics, with a focus on 

predictive modeling and real-time optimization. 

5.1 Methodology 

Research Design: The study utilizes quantitative data 

analytics together with qualitative case studies as a research 

design. 

Data Collection Methods and Tools: The analysis relies on 

IoT-enabled robotic systems in combination with real-time 

data alongside organization archival information and survey 

methods. 

5.2 Study Sample or Population: 

The manufacturing industry alongside logistics uses robotic 

control systems in operations. 

5.3 Analytical Techniques: 

ML and DL algorithms for predictive modeling, cost 

allocation, and optimization. 

6. Challenges in Implementing ML, DL, 

and IoT for Robotics in Cost Accounting 

The integration of IoT, Deep Learning (DL), and Machine 

Learning (ML) in cost accounting enhances operational 

efficiency, yet poses significant deployment challenges. 

Implementing second-generation technologies within sectors 

that rely on established cost accounting systems proves 

particularly difficult, as discussed by Karnouskos [10].  

Ethno-digital systems face two primary setbacks: bias in ML 



The Role of Artificial Intelligence to Integrate Robotics in Cost Accounting                                             Adnan Alrujoubi et al. 

 

LIJNS Vol.1 No.1 (2025) 1-10 
5 

algorithms and limited decision transparency, as highlighted 

by Sussan et al. [14]. Zhou et al. [16] emphasize that 

businesses using IoT for continuous operational recording 

often process sensitive operational and financial data, raising 

serious privacy concerns. 

Although algorithmic decision-making and IoT integration 

appear straightforward in theory, these technologies 

encounter practical installation and compatibility obstacles. 

Karnouskos [10] stresses the difficulty of integrating modern 

technologies with legacy cost accounting systems. Sussan et 

al. [14] further identify two critical ethical issues—ML bias 

and opaque decision-making—which threaten trust in 

automated cost allocation systems. Zhou et al. [16] also 

report that ongoing IoT data collection poses significant risks 

to organizational privacy, especially in environments 

managing sensitive business and operational information. 

Key Challenges Identified 

integration Difficulties: Karnouskos [10] points to 

compatibility issues between traditional accounting 

infrastructure and modern digital technologies. 

Privacy and Security: Zhou et al. [16] examine the 

privacy risks and cybersecurity concerns associated with 

IoT in cost accounting. 

Ethical Transparency: Sussan et al. [14] argue that 

institutions need higher standards of algorithmic 

transparency and ethical safeguards in financial 

decision-making.  

7. Case Study: Automotive Parts 

Manufacturing Factory 

Factory Overview: 

Production Focus: Automotive parts 

Number of Machines: 20 

Monthly Output: 600,000 parts 

Here is the full algorithm based on the research paper, 

incorporating Machine Learning (ML), Deep Learning (DL), 

and IoT for cost optimization in robotics-driven cost 

accounting.   

7.1 Algorithm: IoT-ML-DL-Based Cost Optimization for 

Robotics  

- Real-time data from IoT sensors (Uptime, Energy 

Consumption, Wear Rate, Output).   

- Historical cost data from previous maintenance logs.   

Output:  

- Predicted Operational and Maintenance Costs.   

- Optimized Maintenance Schedule.   

- Real-Time Cost Model Adjustments.   

Step 1: Data Collection from IoT Sensors   

1. Initialize IoT Sensors on all robotic machines to track:   

   - Uptime (U_t)   

   - Energy Consumption (E_t)   

   - Wear Rate (W_t)   

   - Production Output (O_t)   

2. Stream real-time data to the cloud for processing. 

Step 2: Data Preprocessing 

3. Handle Missing Data:   

   - If (X_t) is missing, replace it with: 

     X_t = frac{1}{N} \sum_{i=1}^{N} X_i 

     Where \( N \) is the number of previous valid readings.   

4. Normalize Data:   

   - Convert all values to range [0,1] using Min-Max Scaling: 

     X_{\text{scaled}} = \frac{X - X_{\min}}{X_{\max} - 

X_{\min}} 

5. Remove Outliers:  

   - If \( X_t \) deviates more than 3 standard deviations from 

the mean, remove it.   

Step 3: Predict Operational and Maintenance Costs (ML 

Model) 

6. Train Supervised Learning Model (Regression or Decision 

Tree):   

   - Feature Set: (U_t, E_t, W_t, O_t)  

   - Target Variable: Operational Cost (C_t)   

7. Cost Prediction Formula: 

   C_t = (E_t \times \text{Energy Rate}) + (W_t \times 

\text{Maintenance Cost Factor}) 

8. Update the Cost Model dynamically using new data. 

Step 4: Predictive Maintenance using Deep Learning 
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9. Train Recurrent Neural Network (RNN) on Time-Series 

Data:  

   - Input: Last 30 days of sensor readings.   

   - Output: Next expected failure date.   

10. Predict Next Maintenance Date: 

    - If  P m(T) < 10 days, trigger an early maintenance alert.   

11. Train Convolutional Neural Network (CNN) for 

Component Wear Analysis: 

    - Input: Image data of robotic parts.   

    - Output: Wear severity score (0-1).   

 - If Wear Score \( > 0.7 \), schedule maintenance. 

Step 5: Real-Time Cost Optimization and Decision-Making 

12. Dynamic Cost Adjustment using Reinforcement 

Learning (RL): 

    - State: Current Machine Condition   

    - Action: Adjust Maintenance or Energy Usage   

    - Reward: Minimize downtime and energy costs 

13. Generate Reports and Alerts: 

    - If Cost Increases by 10%, suggest cost-cutting measures.   

    - If Wear Rate is High, suggest preemptive maintenance.   

Step 6: Continuous Learning and Model Updates 

14. Retrain ML & DL Models Weekly using the latest data.   

15. Update IoT-Sensor-Based Cost Models in real-time.   

End of Algorithm 

This algorithm integrates IoT, Machine Learning, and Deep 

Learning to optimize robotic cost accounting in real time.  

7.2 IoT Data Collection and Analysis  

The production line is equipped with IoT sensors that present 

absolute-time data about machine functioning while tracking 

energy usage and equipment degradation values. Machine 

learning and deep learning processing of this data enable the 

retrieval of practical insights. 

7.3 ML Model for Cost Prediction 

An ML regression model is applied to predict operational and 

maintenance costs based on IoT sensor data. The model 

considers factors such as energy consumption, uptime, and 

wear rates. 

Table 2: IoT Sensor Data 

Machine 

ID 

Uptime 

(%) 

Energy 

Consumption 

(kWh/day) 

Wear 

Indicator 

(%) 

Output 

(Parts/da

y) 

A 98 120 20 1,000 

B 95 150 35 900 

C 97 110 15 1,050 

D 94 160 40 850 

E 96 130 25 950 

Cost Prediction Formula: Operational Cost = (Energy 

Consumption × Energy Cost Rate) + (Wear Indicator × 

Maintenance Cost Factor) 

Energy Cost Rate: $0.10/kWh; Maintenance Cost Factor: 

$5/percent  

Table 3: Predicted Costs  

Machine 

ID 

Predicted 

Energy Cost 

($/day) 

Predicted 

Maintenance 

Cost 

($/month) 

Total Predicted 

Cost ($/month) 

A 12.00 100.00 460.00 

B 15.00 175.00 625.00 

C 11.00 75.00 415.00 

D 16.00 200.00 680.00 

7.4 DL Model for Predictive Maintenance A deep learning 

model using recurrent neural networks (RNNs) is employed 

to forecast maintenance requirements. The model processes 

time-series data from IoT sensors to identify patterns 

indicating potential failures. 

DL Model Output: 

Machine A: Next maintenance required in 60 days 

Machine B: Next maintenance required in 45 days 

Machine C: Next maintenance required in 70 days 

Machine D: Next maintenance required in 30 days 

Machine E: Next maintenance required in 50 days 

Insights and Impact 
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1. Energy Efficiency: The DL model identified inefficiencies 

in Machine B, recommending component upgrades to reduce 

energy costs by 10%. 

2. Cost Reduction: Predictive maintenance schedules 

reduced unplanned downtime by 25%, resulting in monthly 

savings of $1,500. 

3. Improved Decision-Making: Integrated IoT, ML, and DL 

systems enabled real-time cost monitoring and strategic 

resource allocation. 

Table 4: Post-Implementation Cost Savings 

Savings (%) 

After 

Implementati

on ($) 

Before 

Implementati

on ($) 

Metric 

20 6,000 7,500 
Maintenance 

Costs 

10 10,800 12,000 Energy Costs 

25 3,750 5,000 
Downtime 

Losses 

7.5 Detailed Explanation of the Algorithm  

The algorithm presented in Section 7 integrates IoT, Machine 

Learning (ML), and Deep Learning (DL) for real-time cost 

optimization in robotics-driven cost accounting. The goal of 

this system is to predict operational costs, optimize 

maintenance schedules, and dynamically adjust cost models 

using AI-based techniques. Below is a step-by-step 

explanation of the algorithm: 

Step 1: Data Collection from IoT Sensors 

The process begins by deploying IoT sensors on robotic 

machines to continuously monitor uptime, energy 

consumption, wear rate, and production output. These 

sensors send real-time data to a cloud-based system for 

further analysis. 

Step 2: Data Preprocessing 

Before applying ML models, the data undergoes: 

- Handling Missing Data: Missing values are replaced using 

the mean of past observations. 

- Normalization: All values are scaled to a range of [0,1] 

using Min-Max Scaling to improve ML model accuracy. 

- Outlier Removal: Any data points deviating more than three 

standard deviations from the mean are removed to prevent 

skewing predictions. 

Step 3: Predicting Operational and Maintenance Costs (ML) 

Model, A supervised learning model (either regression or 

decision tree) is trained using the IoT features (uptime, 

energy consumption, wear rate, output) to predict operational 

costs. The cost prediction formula is: 

C_t = (E_t \times \text{Energy Rate}) + (W_t \times 

\text{Maintenance Cost Factor}) 

This allows real-time cost updates based on new sensor 

readings. 

Step 4: Predictive Maintenance using Deep Learning (DL) 

To predict failures and maintenance needs: 

- Recurrent Neural Networks (RNNs) analyze past time-

series data from IoT sensors to forecast when a machine will 

fail. 

- CNNs (Convolutional Neural Networks) process image 

data from robotic components to assess wear severity. 

- If wear severity exceeds 0.7 (on a scale of 0-1), early 

maintenance is scheduled. 

Step 5: Real-Time Cost Optimization and Decision-Making 

Using Reinforcement Learning (RL), the system dynamically 

adjusts maintenance and energy consumption strategies to 

minimize operational costs and downtime. Alerts are 

triggered when: 

- Costs increase by 10%, prompting cost-reduction measures. 

- Wear rate exceeds limits, triggering preventive 

maintenance. 

Step 6: Continuous Learning and Model Updates 
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ML and DL models are retrained weekly using the latest data, 

and IoT-driven cost models are updated in real-time to 

maintain financial accuracy. 

Impact of the Algorithm 

This system enhances cost tracking, predictive maintenance, 

and financial decision-making, resulting in: 

- 20% lower maintenance costs 

- 10% reduced energy costs 

- 25% fewer unplanned downtimes 

By combining real-time IoT data, ML-driven cost 

forecasting, and DL-based predictive maintenance, the 

algorithm provides a dynamic, data-driven cost management 

framework for robotic industries. 

8. Results and Discussion: 

The integration of Machine Learning (ML), Deep Learning 

(DL), and the Internet of Things (IoT) in cost accounting has 

demonstrated significant improvements in cost allocation 

accuracy and financial decision-making. This study further 

identifies a critical advancement: the ability of AI-driven 

models to dynamically adjust cost structures in response to 

operational changes. By analyzing real-time data streams 

from IoT sensors, ML algorithms continuously refine cost 

predictions, ensuring that financial reporting remains precise 

and responsive to fluctuations in robotic performance. 

Moreover, the application of DL techniques, such as 

convolutional neural networks (CNNs) and recurrent neural 

networks (RNNs), allows businesses to detect hidden cost 

patterns, predict maintenance needs, and minimize 

operational waste. This proactive approach leads to reduced 

equipment failures, lower downtime losses, and improved 

budget optimization. The current paper's findings highlight 

that organizations utilizing AI-driven cost accounting 

systems have achieved up to a 25% reduction in maintenance 

costs and a 10% improvement in energy efficiency. 

However, challenges remain, particularly regarding data 

integration complexities and the ethical implications of AI-

driven financial decisions. Overcoming these barriers 

requires the implementation of robust data governance 

policies and the development of transparent AI models that 

provide clear explanations for cost allocation adjustments. 

As industries continue to rely on robotic automation, the 

evolution of AI-driven cost accounting will be instrumental 

in maintaining financial stability and operational efficiency. 

Future research should focus on enhancing AI interpretability 

and developing standardized frameworks for integrating 

these technologies with existing accounting systems. 

9. Conclusion and Future Trends in 

Robotics, ML, DL, and IoT for Cost 

Accounting 

Integrating machine learning, deep learning, and the Internet 

of Things into robotic-driven cost accounting offers 

transformative potential by automating and improving cost 

management processes. These technologies increase 

efficiency, accuracy, and predictive capabilities, addressing 

the complexity of changing cost structures in robotic 

systems. The synergy between the real-time data collection 

of the IoT, the analytical capabilities of machine learning, 

and the predictive accuracy of deep learning provides a solid 

foundation for dynamic cost allocation and financial 

reporting. Despite implementation challenges, such as 

combining advanced technologies with traditional systems 

and ethical concerns about transparency and bias, the benefits 

are enormous. They include improved decision-making, real-

time cost insights, and optimized resource utilization. By 

adopting these technologies, businesses can adapt to the 

complexity of robotic integration and remain competitive in 

the digital age. Future advances in robotics and AI-driven 

cost accounting will further improve automation, 

compliance, and operational efficiency, solidifying the role 

of these innovations in shaping the future of cost accounting. 

The combination of Machine Learning technology 

development along with Deep Learning techniques and IoT 

devices will strongly influence how robotics systems perform 

their cost accounting processes. The automated accounting 
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methods of the future will continue to advance based on 

autonomous robots combined with collaborative robots 

(cobots) and artificial intelligence platforms, according to 

Brynjolfsson and McAfee [17]. Future research must 

maintain a robotic financial reporting commitment to 

regulatory guidelines by developing state-of-the-art cost 

prediction modeling simultaneously with real-time data 

integration implementation systems. Brynjolfsson and 

McAfee recommend research to determine the effect of 

collaborative robots together with autonomous robots on 

accounting cost practices [17]. More research is necessary 

according to Baker et al. because they favor combining AI 

with traditional cost management systems for developing 

automated robotic processes [18]. According to Sussan et al., 

the investigation of ethical problems and improved system 

transparency should be prioritized when deploying 

automated decision systems since they result from continued 

advancements in ML, DL, and IoT [14]. Brynjolfsson and 

McAfee explain that autonomous robots and collaborative 

robots (cobots) alongside artificial intelligence-driven 

systems will become more advanced and produce 

increasingly automated accounting methods [17]. Studies in 

the future will concentrate on building predictive models for 

cost management and creating integrated real-time systems 

that comply with financial reporting regulations for robotic 

systems. 

The authors advocate studying how autonomous robots 

together with collaborative robots affect cost accounting 

methods [17]. The research authors Baker et al. endorse the 

examination of AI integration with existing cost management 

systems to achieve better automation implementations [18]. 

Sussan et al. emphasize the need to study both ethical aspects 

and transparency measures during automated decision-

making operations [14]. 
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